Abstract
This paper presents the effect of different cooling rate after annealing on structural and electrical properties of TiO2 thin films. Titanium dioxide thin film was deposited on a silicon substrate using DC magnetron technique. After annealing TiO2 thin films 
1.INTRODUCTION:
TiO2 as one of the most thermally and chemically stable semiconductor has been attractive for many researchers [1] [2] [3] [4] [5] [6] . Due to its interesting chemical, electrical and optical properties [7, 8] it has been widely used in many application like solar cells [9] , photocatalysis [10] , gas sensor [11] . Also, because of its low electrical resistivity, TiO2 is an interesting material for microelectronic devices [12] .The TiO2 thin film can be fabricated using various methods, like chemical vapor deposition (CVD), ion beam deposition, sol gel dip, plasma enhance chemical vapor deposition, RF magnetron sputtering, and DC magnetron sputtering [13, 15] Since DC magnetron sputtering is a more controllable deposition technique that provides more uniform coated thin layers [16] , in our study we fabricated TiO2 thin film samples using this method. TiO2 exists in 3 different crystal phases: rutile (tetragonal), anatase (tetragonal), and brookite (orthorhombic) [17, 18] . Rutile compared to other phases has more stability while anatase and brookite are metastable and can be easily transformed to anatase by heating [19, 20] . Annealing at 600 o C creates rutile phase in annealed TiO2 [21] .
Some recent studies reported the effect of heat treatment and annealing time and temperature on structural, mechanical, and optical properties of TiO2 thin films [22] [23] [24] [25] . Also, other research has studied light harvesting and efficiency in solar cells [26] and electrical properties of TiO2 [27] . According to [28] In an effort to control the semi conductivity of TiO2, we modified the annealing process by controlling the cooling rate after the annealing. We showed different cooling rate after annealing TiO2 thin films changed the electrical properties. In Chapter 2, the sample preparation procedure is presented followed by the experimental results and discussions presented in Chapter 3 and the conclusions in Chapter 4. The intensity of rutile peak for the samples with different cooling rates after annealing was varied and it was observed that it affected the electrical resistivity and conductivity. TiO2 thin films with different ramping rate have different grain sizes and roughness which leads to changes in electrical properties.
EXPERIMENTAL:
TiO2 thin films were coated on silicon substrate by DC magnetron sputtering technique at room temperature.
Before deposition, the 1cm ×1cm silicon substrates were cleaned in an ultrasonic bath for 10 minutes. The argon (99.99% pure) as the sputtering gas and high purity oxygen (99.99%) were used with the composition from pure argon to pure oxygen.
Ti target and substrate distance was fixed at 35mm. Sputtering chamber evacuated to 10 2  = p -5 and the pressure of working gas kept at 
where D is the grain size in nm, k is the shape constant (0.9), β is the peak full width of half maximum (FWHM), λ is the X-ray wavelength (1.54 Å), and θ is the diffraction angle.
The results indicated that by speeding up the cooling rate, grain sizes were decreased. 
3.2.AFM RESULTS:
Surface morphology and roughness of TiO2 thin films with different cooling rates In AFM analysis, surface roughness is presented by root means square (Rq) [34] [35] .
According to the AFM results, surface roughness was measured as 1.862nm, Densification in lower rates leads to higher grain size. This effect can be seen in The FPP technique was used to measure the resistivity of different TiO2 thin films.
Surface resistivity (ρs) can be calculated by Equation (2) electrical resistivity can be calculated by ρ = t ρs,, t is the thickness of the thin film, which is 35nm in this study.
Equation (4) describes Electrical conductivity ( ) that has a reciprocal relationship with the resistivity ( ).
= 1 (4)
As Equation (4) shows that when resistivity increases, the conductivity decreases. 
